We have identi®ed a member of the insulin receptor (InsR)/insulin-like growth factor-1 receptor (IGF-1R) family. The Xenopus insulin receptor (Xe-InsR) is present as a maternal 6.6 kb transcript. Northern blot analysis reveals the presence of this transcript until the midblastula transition (MBT), when levels decrease. At neurulation, two distinct transcripts of 6.6 and 7.7 kb are detected, both of which persist throughout embryogenesis. In situ hybridization analysis shows that InsR expression is restricted to regions of ectodermal and mesodermal origin, notably the encephalon, otic vesicles, optic vesicles, gills, somites and the pronephros. q
Results
Insulin-like growth factors (IGFs) have been shown to be important in regulating embryonic growth during mammalian development (see D'Ercole (1996) for review). While the effects of IGFs are mediated mainly through the IGF-1 receptor (Baker et al., 1993) , InsR has recently been shown to be involved in the IGF-2 pathway (Louvi et al., 1997) . Both of these receptors are known to exist in Xenopus (Scavo et al., 1991; Groigno et al., 1996) . This species provides an excellent model for studying the role of these molecules during embryogenesis. We report here the spatial and temporal expression of the insulin receptor in Xenopus embryo.
Isolation of a Xe-InsR mRNA
A 1362 bp clone (Cl.A) encoding the Xenopus InsR was obtained by RT-PCR from stage 8 embryos, and used to screen an unfertilized laid oocytes (ULO) cDNA library. Three additional cDNAs were isolated (Fig. 1A) . Clones Cl-1 and Cl-2 give an open reading frame of 1352 amino acids (Xe-InsRA; EMBL Database, accession no. AJ132556). Primary sequence comparison shows that XeInsRA differs signi®cantly from the Xenopus pro-IGF-1R (53% identity) and displays a higher identity to the human pro-InsR (68%) than to the human pro-IGF-1R (55%). Most of the characteristic features of the human InsR are found in the Xenopus sequence except four additional tyrosine residues in the intracellular domain and four changes in putative glycosylation sites (Fig. 1A) . The length of the signal peptide (37 aa) differs to all other known InsR's (27 aa). The third clone (Cl-3, 1.8 kb) overlaps Xe-InsRA with a 6.2% and 3.4% variation in the nucleotide and amino acid sequences, respectively. Moreover, Xe-InsRA includes the XTK1b sequence, a Xenopus sequence of the InsR tyrosine kinase domain (Scavo et al., 1991) .
Expression of Xe-InsR during embryogenesis
Northern blot analysis shows that InsR is expressed in Xenopus ULO and embryos (Fig. 1B) . During early embryogenesis, a maternal transcript of 6.6 kb is detected. Following a decrease, the expression is again apparent at the neurula stage and during organogenesis but two distinct zygotic transcripts are detected (7.7 and 6.6 kb). This possibly represents alternatively splice forms or the existence of more than one InsR gene. Whole mount in situ hybridization shows that the Xe-InsRA is localized to the animal hemisphere during early cleavage, before transcripts become weak and hardly detectable during gastrulation and the (Fig. 2) . The expression is again apparent at the end of neurulation and during organogenesis in regions of ecto-and mesodermic origins (Fig. 2) . The whole encephalon was labeled as well as the otic and optic vesicles, and the gills. The InsR is also clearly expressed in the somites and the pronephric tubules. Although the liver is the primary site of insulin action in adults, no transcripts were detected in the presumptive liver cells in the embryo. Therefore, our results provide the ®rst description of the spatial and temporal expression of InsR during all embryogenesis in a vertebrate and demonstrate the presence of InsR maternal messengers from mature oocyte to blastocyst in Xenopus, a result still controversial in mammals (Harvey and Kaye, 1991; Watson et al., 1992) .
Materials and methods

Northern blots
Oocyte and embryo RNA was extracted by small-scale total RNA preparations (Condie and Harland, 1987) and separated on 1.2% agarose-6% formaldehyde gels, transferred to nylon membranes (Hybond-N; Amersham) and hybridized with the P3 probe, see Fig. 1A (Church and Gilbert, 1984) . The autoradiograms were exposed for 6 weeks.
cDNA cloning
RT-PCR and screening of a ULO cDNA library (Clontech) were performed according to the methods of Groigno et al. (1996) . Ampli®cations utilized the primers XRIS 5 H -AAG GTT GAA TTC AAR CCY TGG ACN CAR TAY G-3 H (sense) and XRI3R 5 H -AAG GTT GAA TTC CGG CTC TCC CTT GAT AAT A-3 H (antisense).
In situ hybridization
Whole-mount in situ hybridization was carried out as for Harland (1991) , except that the alkaline phosphatase color reaction was developed using BM-purple (Boehringer Manheim) and the pigments removed by incubation in 1% H 2 O 2 -0.5% formamide. Histological analysis was performed on 10 mm sections (Launay et al., 1996) . hemisphere, lateral view (l) or parasagittal section. InsR expression in the anterior part (E) of a stage 37 embryo observed at higher magni®cation. Transverse sections (stage 37) through the encephalon (I, proencephalon; J and K, rhombencephalon), the eye (L: oc, optic cup; l, lens), the otic vesicle (ov, picture M), the pronephros (pn, picture N) and the somites (picture O) readily show that InsR is expressed in these tissues.
